NUMA intra-and extra-tubular in an unorganized fashion. Specific OCT3/4 staining along the inside of the basement membrane of the mouse tubule appeared to be of mouse origin and did not co-localize with NUMA. Scale bar, 50 µm.
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SUPPLEMENTARY MATERIALS AND METHODS
Cells
BJ human fibroblast cells (passage 6) were established from normal human fetal foreskin and purchased from Stemgent (Cambridge, MA). Human adult dermal fibroblasts were derived from a 28 year old healthy control male (HUF1), 30 year old healthy control female (HUF3), and a 31 year old female with premature ovarian failure (HUF9). To derive HUF lines, adult donors were consented and an inner arm 4 mm skin punch biopsy was obtained at the Stanford University Dermatology Clinic by a qualified dermatologist.
GM13325 fibroblasts were purchased from Coriell.
Cell culture
Human fibroblast cell lines were cultured on 0.2 % gelatin (Sigma) coated wells in DMEM-FBS a culture medium consisting of Dulbecco's modified Minimal Essential Medium + GlutaMAX (DMEM), 10 % fetal bovine serum (FBS), 100 U/ml penicillin and 100 µg/ml streptomycin. When 80-90 % confluent, cells were passaged using TrypLE Express and replated at a 1:3 dilution.
Human ES cells (H9) and RiPSCs were cultured in hES media containing DMEM/F12
(Invitrogen) supplemented with 20 % Knockout Serum Replacer, 2mM L-glutamine, 0.1 mM Non-Essential Amino Acids (NEAA), 0.1 mM 2-Mercaptoethanol (Millipore) and 10ng /ml b-FGF on irradiated mouse embryonic fibroblasts.
For feeder-independent maintenance of human ESCs and iPSCs, basal mTeSR 1 medium (STEMCELL Technologies) supplemented with 5X mTeSR1 supplement (STEMCELL Technologies) was used. Culture plates were pre-coated with growth factor reduced matrigel (BD Biosciences). Cells were passaged mechanically or enzymatically using 200
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units/ml of Collagenase IV or Dispase (STEMCELL Technologies), washed and replated at a dilution of 1:2 to 1:5. Differentiated cells were removed and/or cleaned under a laminar flow dissection hood.
Cultures were maintained at 37°C and 5 % CO 2 and medium changed every other day for fibroblast lines and every day for hESC and RiPSC lines.
Fibroblasts were frozen in 90 % FBS (Invitrogen) and 10 % dimethyl sulfoxide (DMSO, Sigma). hESC and RiPSC cells were frozen in Bambanker (Wako Chemicals).
Tissue culture reagents were purchased from Invitrogen unless otherwise stated.
Alkaline Phosphatase Staining
Alkaline phosphate (AP) staining was performed using the Vector Red Alkaline Phosphatase Substrate Kit I (Vector Laboratories) following the manufacturer's instructions.
Immunostaining of live cells
StainAlive DyLight 488 anti-Human TRA-1-60/TRA-1-81 antibody (Stemgent) was diluted in fresh cell culture medium to a final concentration of 5 µg/ml. Old medium was aspirated and replaced with medium containing diluted antibodies. Cells were incubated for 30 min at 37°C and 5 % CO 2 . Medium was aspirated and cells were washed gently 2x with cell culture medium. Fresh cell culture medium was added and cells were examined under a fluorescent microscope using the appropriate filters. Cells were kept in culture after examination.
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Design and construction of in vitro transcription (ivT) templates
An outline for ivT template construction is schematized in Supplementary Material, Plasmid inserts were excised by restriction digest and purified using Qiaquick PCR purification kit (QIAGEN) before being subject to template tail PCR. Vectors from Addgene containing the Yamanaka factors (47) were used in addition to our own designed mRNA. A polyA tail was added with a T 120 -heeled reverse primer and carried out with HiFi Hotstart (KAPA Biosystems) PCR reaction. Purification of amplicons was
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carried out with Qiaquick PCR purification kit (QIAGEN) and amplicons were used for ivT reactions.
In vitro transcription
Synthesis for modified mRNA was carried out with the MEGAscript T7 kit (Ambion) according to the manufacturer's instructions with slight modifications. A custom ribonucleoside blend was used comprising 6mM 3'-0-Me-m7G(5')ppp(5')G ARCA cap analog (New England Biolabs), 7.5mM of adenosine triphosphate and 1.5mM of guanosine triphosphate (Ambion), 7.5mM of 5-methylcytidine triphosphate and pseudouridine triphosphate (TriLink Biotechnologies). Reactions were incubated for 3 h at 37°C, followed by DNase treatment for 15 min at 37°C. DNase treated RNA was purified using the MEGAclear kit (Ambion). Correct RNA synthesis and RNA purification was verified and quantitated using a Nanodrop (A260/A280 between 1.8-2.1) and concentration was adjusted to 100 ng/ml. RNA reprogramming cocktails were prepared by pooling individual 100 ng/µl RNA stocks to produce a 100 ng/µl total blend. Different ratios of individual mRNAs were tested to prior reprogramming to optimize feeder-free-reprogramming with regard to reprograming efficiency and cell viability. We found that molar ratios of 3:0.5:1:0.5:(1) (OSKM[V]) were optimal. Stocks were stored at -80°C. RNAse mediated RNA degradation was prevented by cleaning the working space and instruments with RNaseZap (Ambion).
Denaturing formaldehyde-agarose gel electrophoresis
mRNAs were analyzed to verify specificity of ivT reaction and correct size of the
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transcripts. A 1.5 % denaturing formaldehyde-agarose gel was prepared by dissolving 0.75 g agarose in 36 ml DI water, 5 ml 10X MOPS running buffer (Ambion) and 9 ml 37 % formaldehyde (12.3 M, Sigma-Aldrich). mRNA samples (1 µg) were mixed with 3x the volume of Formaldehyde Loading Dye (Ambion) and 0.25 µl ethidium bromide (10 mg/ml, Bio-Rad) followed by heat denaturation for 15 min at 70°C. RNA ladder (RNA Millenium marker, Ambion) was treated like mRNA samples and used for size comparison. 
Gene expression analysis
Gene expression analysis was performed using Real-Time PCR using a micro-fluidic platform (Fluidigm Corporation) analysis and following manufacturer's protocols.
Briefly, purchased forward and reverse primer pairs (Supplementary Material, Table S1) were mixed together to a final concentration of 20 µM. All primer pairs were pooled 
EB formation and in vitro differentiation
RiPSCs cells from one confluent 10 cm dish were harvested, washed and seeded into 2 wells of an ultra low attachment plates (Corning) containing DMEM + 20 % FBS. 7 days after cells grew in suspension, embryoid bodies were transferred to gelatin-coated wells of a 24 well plate containing the same medium to allow the cells to attach. Medium was changed every 2-3 days for up to 2 weeks. Cells were fixed in 4 % PFA for staining of representative germ layer markers.
Teratoma formation
Kidney capsule injection was performed as follows: Cells were prepared (manually picked in 100-200 cell clumps in 30 µl culture media) and the recipient mouse was anesthetized. The mouse was placed on its abdomen on a sterile paper towel. A vertical incision was made through the skin along the animal's spine, about 2 cm from the base of the tail to the top curve of the spine. With forceps the edge of the incision on one side was gripped and skin was carefully separated from the peritoneum by placing closed scissors under the skin and gently opening the scissors. A small incision into the
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peritoneum was made and the kidney was localized. With a little pressure on the abdomen, the kidney was exposed and popped out of the body cavity. A small tear with a sharp glass pipet was made in the kidney capsule and cells were inserted beneath the kidney capsule using a mouth pipet. The kidney was placed back into the body cavity, the skin was pulled upward and skin was clamped together using sterile surgical clamps. 3-4 weeks after the surgery tumors were dissected and fixed overnight in 4 % PFA diluted in PBS.
Fixed samples were sent to AML Laboratories (Baltimore, MD) for paraffin embedding, sectioning and staining with hematoxylin and eosin. Sections were then examined for the presence of tissue representatives of all three germ layers.
Differentiation towards primordial germ cells
The developmental potential for in vitro PGC formation was assessed by treating cell cultures with BMP4 (R&D Systems, 50 ng/ml) or vehicle (4 mM HCl + 0.1 % BSA) in culture media. Samples were isolated at day 0, 2, and 4 and gene expression analysis was performed using Fluidigm.
Bisulfite sequencing
Genomic DNA was extracted using QIAamp DNA Mini kit (Qiagen) and processed using the Epitect Bisulfite Kit (Qiagen) according to manufacturer's instructions. Converted DNA was amplified by polymerase chain reaction (PCR) using primers published previously (48, 49) . PCR conditions were 95°C for 10 min and 40 cycles of 95°C for 1min, 58°C for 1 min, and 72°C for 1 min, followed by 10 min at 72°C (Supplementary
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Material, Table S2 ). PCR products were purified with QIAquick PCR purification kit (Qiagen), cloned using TOPO TA cloning kit (Invitrogen) and the resulting plasmids transformed into OneShot® Top10 chemically competent E. coli (Invitrogen). 10 bacterial clones per genomic region (for pluripotency genes) and 20 bacterial clones per genomic region (for imprinted genes) were either sent to Sequetech for sequencing or picked and DNA was extracted using QIAprep Spin Miniprep kit (Qiagen) followed by reverse-sequencing using the M13 reverse primer (PAN facility Stanford University). Burlingame, CA) containing 3 µg/mL 4',6-diamidino-2-phenylindole (DAPI) followed by fluorescence microscopy.
RNA seq
Total RNA was extracted with the RNeasy Mini Kit (Qiagen) per manufacturer's instructions and subjected to cDNA synthesis. 100 ng of total RNA was subjected to first and second cDNA synthesis using the Ovation RNA-Seq System V2 (NuGEN 
Immunohistochemistry (IHC)
Formalin-fixed mouse testes from xenotransplants were sent to AML Laboratories 
Statistical Analysis
Analysis of variance and statistical comparisons were performed using GraphPad Prism (La Jolla, CA) and SPSS (IBM, Armonk, NY) with statistical significance set at 0.05.
Student's two-tailed t test was used to determine statistical significance for data generated from Fluidigm gene expression assays and quantitative analysis of cross-sections.
Fisher's exact test was performed for bisulfite sequencing analysis. 
